Despite extensive experimental work in both animals and humans, the actual role of oscillatory brain activity for working memory maintenance remains elusive. Gamma band activity (30 -100 Hz) has been hypothesized to reflect either the maintenance of neuronal representations or changing demands in attention. Regarding posterior alpha activity (8 -13 Hz), it is under debate whether it reflects functional inhibition or neuronal processing required for the task. The aim of the present study was to further elucidate the role of oscillatory brain activity in humans using a working memory task engaging either the dorsal or ventral visual stream. We recorded brain activity using magnetoencephalography from subjects performing a delayed-match-to-sample task. Subjects were instructed to remember either the identity or the spatial orientation of shortly presented faces. The analysis revealed stronger alpha power around the parieto-occipital sulcus during retention of face identities (ventral stream) compared with the retention of face orientations (dorsal stream). In contrast, successful retention of face orientations was associated with an increase in gamma power in the occipital lobe relative to the face identity condition. We propose that gamma activity reflects the actual neuronal maintenance of visual representations, whereas the alpha increase is a result of functional inhibition.
Introduction
Working memory is defined as the capacity to retain and manipulate information no longer accessible in the environment (Baddeley, 2003) . It has been proposed that oscillatory brain activity plays an essential role for the neuronal dynamics required for sustaining working memory representations (Lisman and Idiart, 1995; Jensen, 2006; Koene and Hasselmo, 2007) . Experimentally, oscillations in various frequency bands have been shown to be modulated differently during working memory operations in both humans and animals, but their exact functional role remains to be determined.
Activity in the gamma band has been hypothesized to directly reflect the neuronal correlate of maintained working memory representations. In macaques, sustained gamma activity was measured by intracranial recordings in parietal cortex during a retention period in a visuospatial delayed-match-to-sample task (DMS-task) (Pesaran et al., 2002) . In humans, sustained gamma activity during retention of shape information and audiospatial information has been reported in electroencephalography (EEG) and magnetoencephalography (MEG) studies (Tallon-Baudry et al., 1998; Lutzenberger et al., 2002; Kaiser et al., 2003) . Intracranial recordings from epileptic patients have revealed a parametric effect in the gamma band with respect to working memory load (Howard et al., 2003; Mainy et al., 2007) . Although these studies support the notion that gamma activity plays a role in working memory, it remains unclear whether the observed effects reflect actual maintenance or if they are a consequence of general changes in attention load.
Activity in the alpha band has been found to be strongly modulated in working memory tasks as well. However, its functional role is still under debate. Posterior alpha activity has been proposed to reflect cortical idling (Adrian and Matthews, 1934; Pfurtscheller et al., 1996) or functional inhibition (Klimesch et al., 2007) . In the context of working memory operations, it has been found that alpha activity increases parametrically with memory load during retention in the Sternberg task (Jensen et al., 2002; Tuladhar et al., 2007) . This finding is consistent with the notion that alpha activity reflects functional inhibition of the dorsal visual stream. Other studies point to a direct computational role of posterior alpha activity. Based on the finding that long-range coherence in the alpha band correlates with perceptual and cross-modal binding, alpha activity has been proposed as a mechanism for controlling interactions between brain regions (Mima et al., 2001; Hummel and Gerloff, 2005) .
The aim of the present study was to further elucidate the role of oscillatory activity during working memory maintenance. We chose a working memory task designed to differentially engage the dorsal or the ventral stream. Subjects were required to maintain either the identities or spatial orientations of briefly presented faces. Additionally, we introduced a control task without any working memory demands using the same stimulus material. We hypothesized that if alpha activity reflects inhibition of the dorsal visual stream, alpha power must increase in the dorsal stream during retention of face identities relative to retention of face orientations. In contrast, if gamma activity reflects working memory maintenance, an increase in gamma power over dorsal areas is expected when face orientations are maintained.
Materials and Methods

Participants
Ten healthy volunteers recruited primarily from the Radboud University Nijmegen participated in the study (six males and four females; 23-29 years of age). None of the subjects had a history of neurological disorder. The procedure was approved by the local ethics committee. All subjects had normal or corrected-to-normal vision and provided written consent according to the Declaration of Helsinki.
Procedure and stimuli material
We used two variants of a DMS-task and one control task, all using images of faces as stimuli. The faces were selected from the database provided by the Max Planck Institute for Biological Cybernetics (Tü-bingen, Germany) (Troje and Bülthoff, 1996) . Faces were presented at 12 different orientations by rotating them Ϫ60°, Ϫ30°, 30°, or 60°according to the vertical axis and/or Ϫ30°, 0°, or 30°according to the ear-to-ear horizontal axis (Fig. 1 A) . The two variants of the DMS-tasks required the subjects to retain either face identity or orientation. In both versions of the DMS-tasks, subjects had to indicate whether the second sample item matched the probe item either with respect to identity or orientation. The paradigm was complemented by a control task in which subjects had to indicate whether the probe face was rotated to the left or right regardless of the sample face (Fig. 1 B) . In the identity and the control task, both the probe and the sample item consisted of a face. In the identity task, each probe face was presented at the same orientation as the sample face to avoid additional task demands from mental rotations of the face representations. In the orientation task, the probe item consisted of a white dot on a black screen, representing the target or a nontarget of the sample face's gaze. Because the gaze of the sample faces was fully determined by the face's orientation, the dot served as an abstract representation of the face's orientation. This procedure was chosen to encourage the subject to retain the face orientation rather than the face identity. Trials were presented in blocks. Each condition consisted of two blocks of 100 trials, resulting in 200 trials per condition. Trials within a block were presented in randomized order. Blocks were administered in counterbalanced order over subjects. Each trial started with an eyeblink command followed by the sample item presented 2 s later. After a 3 s delay period, the probe item was presented. Samples and probes were presented for 0.2 s. The likelihood for matching or nonmatching probe items was 50%. Subjects indicated their responses ("match" or "nonmatch") by button presses using left and right index fingers. The hands used to respectively indicate match and nonmatch responses were counterbalanced over subjects. After each trial, subjects received feedback on their responses ("correct" or "incorrect"). In the control task, subjects had to indicate whether the probe face was oriented to the left or the right by pressing the corresponding button. The sample face did not have any predictive value for the orientation of the probe face (i.e., working memory was not required to solve this task).
MEG recording
Electromagnetic brain activity was recorded using a whole-head 151 channel axial gradiometer MEG system (Omega 2000; CTF Systems, Port Coquitlam, British Columbia, Canada) installed at the F. C. Donders Centre for Cognitive Neuroimaging (Nijmegen, The Netherlands). The vertical and horizontal electrooculogram (EOG) was recorded as well by bipolar montages. MEG/EOG data were sampled continuously at a rate of 1200 Hz. The subject's head position relative to the MEG sensor array was measured at the beginning and the end of each block by passing current through three coils placed at the cardinal points of the head (nasion and left and right ear canals). For each subject, a full-brain anatomical magnetic resonance imaging (MRI) scan was acquired using a high-resolution inversion-prepared three-dimensional T1-weighted scan sequence using a 1.5 T Siemens Sonata scanner (Siemens, Erlangen, Germany). To allow for precise coregistration of the MEG and MRI data, Ϫ30° , 30°, or 60°according to the vertical axis and/or Ϫ30°, 0°, or 30°accord-ing to the horizontal axis). Faces were presented in color. r, Right; l, left. B, Illustration of the three different experimental conditions: DMS-task for face identities (ID), DMS-task for face orientations (OR), and control task with no working memory component (CO). The vertical bars indicate onset and offset of the blink command, the stimuli, and the feedback. In the absence of any command or stimulus, a fixation cross was presented on a black screen. Subjects had to respond to whether the probe item matched the sample with respect to face identity or orientation. In the control task, subjects had to respond whether the second face was oriented toward the right or left regardless of the sample face.
the left and right ear canals were marked during the scans by two tubes containing vitamin E.
Data analysis
Data were analyzed using the Fieldtrip software package (http://www. ru.nl/fcdonders/fieldtrip/), a Matlab-based (The MathWorks, Natick, MA) toolbox that has been developed at the F. C. Donders Centre for Cognitive Neuroimaging. Partial artifact rejection was performed by a semiautomatic procedure by rejecting segments of trials containing eyeblinks, muscle artifacts, and jumps in the MEG signal caused by the SQUID (superconducting quantum interference device) electronics. By this procedure, smaller segments of a trial, rather than a whole trial, were rejected. Segments shorter than 0.5 s were completely rejected to ensure that segments were long enough for subsequent analysis. For the sensorlevel analysis, planar gradients of the MEG field distribution were calculated using a nearest-neighbor method comparable with the method described by Bastiaansen and Knosche (2000) ; also applied by Osipova et al. (2006) . The horizontal and vertical components of the estimated planar gradients approximate the signal measured by MEG systems with planar gradiometers. The planar gradient fields are typically largest in magnitude directly above a given source (Hämäläinen et al., 1993) . This is particularly advantageous when interpreting distributions of spectral power at the sensor level.
Spectral analysis. Time-frequency representations of power were calculated for each trial using a multitaper method applied to short sliding time windows (Percival and Walden, 1993) . This method allows for controlling the spectral smoothing around the frequency of interest. Two frequency ranges (5-30 and 30 -120 Hz) were analyzed separately with different window lengths and smoothing parameters. For the lower frequency band (Ͻ30 Hz), we applied an adaptive time window of five cycles for each frequency (⌬T ϭ 5/f ). By applying three orthogonal Slepian tapers, we achieved an adaptive frequency smoothing of ⌬f ϳ 2/⌬T. For the higher frequency range (Ͼ30 Hz), we used a fixed window length of ⌬T ϭ 200 ms. Using three orthogonal Slepian tapers resulted in a spectral smoothing of ⌬f ϳ 10 Hz. In each trial, the power calculated from the Fourier transforms of the tapered time windows were averaged. Power values were separately computed for each sensor location for the horizontal and vertical components of the estimated planar gradients and then summed. Subsequently, the summed planar gradient power estimates were averaged over multiple trials for a given condition. The power values were baseline corrected [relative baseline; P corrected (t,f ) ϭ (P(t,f )ϪP baseline ( f ))/P baseline (f )] for the individual frequencies. In the lower frequency range, the baseline was defined from Ϫ750 to Ϫ250 ms with respect to the first stimulus. For the higher frequency range, we used a baseline from Ϫ900 to Ϫ100 ms. Thus, these baseline intervals were centered 500 ms before the stimulus.
Statistical analysis. Significant differences between conditions were assessed using a nonparametric randomization test (Nichols and Holmes, 2002; Maris and Oostenveld, unpublished work) . This test controls the Type-I error rate with respect to multiple comparisons over sensors using a clustering approach. First, data were averaged over the time and frequency range of interest. Then ordinary t-statistics were computed for all sensors. A cluster-finding algorithm identified clusters of contiguous sensors having a threshold below p Ͻ 0.05. Subsequently, the clusterlevel test statistic was defined from the sum of the t-values of the sensors in a given cluster. The cluster with the maximum sum was used in the test statistics. The Type I error rate was controlled by evaluating the clusterlevel test statistic under the randomization null distribution of the maximum cluster-level test statistic. This null distribution was computed by randomly reassigning the data to the conditions across multiple subjects and subsequently calculating the test statistics for the new set of clusters. A reference distribution of cluster-level t-statistics was created from 1000 random draws. The p value was estimated according to the proportion of the randomization null distribution exceeding the observed cluster-level test statistic. For the comparison of the differences during maintenance of information, we used the interval from 1 to 3 s after onset of the sample item. This time window was chosen to avoid interference from visual evoked responses. In the statistical analysis, we defined the alpha band from 10 to 11 Hz; however, because of spectral smoothing, the effective frequency band was somewhat broader. For the statistical analysis of the gamma band, we used the frequency range between 70 and 90 Hz. Gamma activity in this frequency range has been found in several studies using similar methods for data analysis to investigate visual perception, spatial working memory, and declarative memory (Hoogenboom et al., 2006; Osipova et al., 2006; Medendorp et al., 2007) .
Source analysis. For the identification of the neuronal sources of oscillatory activity, we applied a beamforming approach using an adaptive spatial filtering technique [dynamic imaging of coherent sources (DICS)] (Gross et al., 2001 ). For source reconstruction, the data from the measured axial sensors (not the planar gradient estimate) were used. The lead field matrices were calculated from anatomically realistic forward head models fitted to the brain surface obtained from each subject's anatomical MRI scan. This was achieved by extending the lead field calculation for a spherical volume conductor by a superposition of basis functions and gradients of harmonic functions constructed from spherical harmonics (Nolte, 2003) . The brain of each subject was divided into a grid with a 5 mm resolution. For each grid location, the lead field was calculated using the forward head model. The DICS approach makes use of the cross-spectral density matrices, which were calculated separately in the baseline and retention intervals. The baseline intervals were chosen as one second before onset of the first stimulus (Ϫ1 to 0 s). The retention intervals were required to have the same length as the baseline interval and were chosen to be 1.5-2.5 s after the onset of the first stimulus. Using the cross-spectral density matrices and the lead field matrices, a spatial filter was constructed for each grid point, allowing us to estimate the spatial distribution of power for each condition in each subject. Conditions were compared by subtracting the relative power (power in retention interval divided by power in baseline interval).
The subjects' source reconstructions were overlaid on their individual anatomical MRI scans. Subsequently, the individual anatomical MRI scans and the corresponding power distributions were spatially normalized to the International Consortium for Brain Mapping template (Montreal Neurological Institute, Montreal, Quebec, Canada) by using SPM2 (http://www.fil.ion.ucl.ac.uk/spm). Finally, the source reconstructions were averaged across subjects.
Results
Behavioral results
Behavioral performance of correct responses exceeded 85% across all conditions. Nevertheless, error rates of all three conditions differed significantly (repeated-measure ANOVA; F (2,18) ϭ 44.50; p Ͻ 0.001) (Fig. 2 A) . Most errors were done in the face identity condition. Reaction times were significantly different between the conditions (F (2,18) ϭ 8.59; p ϭ 0.002) (Fig. 2 B) . For correct responses, reaction times were significantly longer for the face identity compared with the control condition, whereas they were not significantly different for the face orientation compared with the control condition. In short, the behavioral measures showed that the face identity task was the most demanding condition, and the control task was the easiest.
Modulations in the alpha band
Time-frequency representations of power (TFRs) for the combined planar gradients were calculated for the three different experimental conditions (Fig. 3 A, B) . In the alpha band (8 -13 Hz), we observed an increase in activity over posterior areas during the interval between the sample and the probe stimulus in the face identity and in the control condition. In contrast, alpha activity did not increase in the face orientation condition during the retention interval. To assess the significance of differences in the retention interval between the conditions, a nonparametric randomization test controlling for multiple comparisons over sensors was applied (see Materials and Methods). Then, spectral power was averaged over frequency (10 -11 Hz) and the retention interval (1-3 s). We excluded the first second of the retention interval because this period contains evoked responses as well. When comparing the face identity and orientation conditions in the alpha band, the randomization routine identified two significant clusters of parieto-occipital sensor ( p Ͻ 0.05) (Fig. 3C) . The comparison between the control condition and the face orientation condition revealed one large significant cluster ( p Ͻ 0.05). Finally, the face identity and the control condition were compared, but no significant clusters were identified.
To further characterize the oscillatory alpha activity, we applied a beamforming approach to identify the corresponding sources. As shown in Figure 4 , alpha sources were located around the parieto-occipital sulcus. The location of these sources is consistent with the topography of power at the sensor level as represented in Figure 3C . Comparing differences in source strength for retention of face identities versus retention of spatial orientations revealed occipital and parietal sources. Comparing differences in source strength for the control condition versus the orientation condition revealed to a larger extent sources around the parietooccipital sulcus.
Modulations in the gamma band
Subsequently, we applied the TFRs to characterize modulations in gamma band activity. Figure 5A illustrates strong gamma power (70 -90 Hz) during the presentation of the sample (t ϭ 0 -0.2 s) and probe items (t ϭ 3.2-3.4 s) for all three conditions. In the orientation condition, we observed sustained gamma power in the retention interval. As seen in Figure 5B, power for the orientation condition during retention was mainly posteriorly distributed. However, an indication of a left frontal gamma source was also observed in all of the conditions. Statistical analysis using the cluster randomization test revealed a significant cluster of occipital sensors for the comparison between face orientations and face identities in the gamma band ( p Ͻ 0.01) (Fig. 5C ). The comparison between face orientations and the control conditions showed a trend toward a significant difference in the gamma band for a cluster of occipital sensors ( p ϭ 0.073). Other studies have reported working memory effects in the lower gamma band (30 -60 Hz) (Tallon-Baudry et al., 1998) ; however, the effects we observed were constrained to the higher gamma band. The beamforming technique enabled us to localize the gamma activity measured during retention of face orientations. As seen in Figure 6 , the sources were strongest in the occipital lobe. When comparing the retention of face identity to the retention of face orientation, sources in the occipital lobe were identified again. There was also an indication of a source in the right cerebellum. However, given the relative weak signal-to-noise ratio of the gamma power, these results should be interpreted with caution. Nevertheless, the gamma sources in the occipital lobe appear consistently and are in accord with the topography represented in Figure 5C . Although we identify the gamma sources in occipital areas, we cannot exclude that more anterior sources in parietal cortex are engaged as well (Pesaran et al., 2002) . For instance, field cancellation caused by differently oriented sources could attenuate parietal gamma activity.
Given that a block design was applied, one might be concerned that systematic effects in the baseline interval interfered with the modulations in the retention interval. We subjected the data in the alpha and gamma band in the baseline intervals to the cluster-randomization statistical analysis to compare the conditions. In the posterior sensors in which the effects were identified between the conditions, we did not find significant power differences in the baseline interval. Additionally, it was during the orientation condition that posterior gamma was the strongest and posterior alpha was the weakest. According to the behavioral measures, the identity and the control condition were respectively more difficult and easier than the orientation condition. We conclude that systematic changes in difficulty resulting in changes in the baselines cannot account for the reported alpha and gamma effects.
Discussion
In the current study, we investigated the role of oscillatory activity during working memory maintenance. We applied a DMS-task in which the subjects had to maintain either the identity or orientation of visually presented face stimuli. Maintenance of face identities resulted in increases of posterior alpha activity generated around the parieto-occipital sulcus. Maintenance of face orientations resulted in attenuated alpha activity, whereas posterior gamma power increased. The sources of the gamma power were localized in the occipital lobe. Given that the behavioral results showed that the face identity task was more difficult than the orientation task, the increase in gamma was explained by memory retention rather than increases in task demands.
Gamma activity reflects working memory maintenance rather than attention
The working memory task that we applied was specifically designed to engage the dorsal or ventral visual stream by asking Fig. 3 ). The sample item was presented at t ϭ 0 s, and the probe item was presented at t ϭ 3.2 s. The boxes (dashed lines) indicate the time-frequency interval for which topographies were calculated. B, Grand average of the topography of gamma power (70 -90 Hz) during the retention interval (1-3 s). C, Differential topographical plots of gamma power during the retention interval (1-3 s) for the different conditions compared. Asterisks ( p Ͻ 0.05) and plus signs ( p Ͻ 0.10) denote clusters of significant differences and clusters showing a tendency toward a significant difference, respectively. CO, Control; ID, identity; OR, orientation. subjects to retain face identities or face orientations, respectively. In the face orientation task, presumably engaging the dorsal stream, we found clear evidence of sustained gamma activity extending the full retention period (Fig. 5A ). The gamma activity was not present in the face identity task, although this was the most demanding condition, as revealed by error rates and reaction times (Fig. 2) . Thus, the sustained gamma activity cannot be explained by an increase in nonspecific attention load. This is different from previous human EEG and MEG studies reporting increased gamma activity during working memory retention compared with a simple control task (Tallon-Baudry et al., 1998; Kaiser et al., 2003) . We propose that the gamma activity directly reflects sustained firing of neuronal representations of the spatial memory representations. The sustained activation in early visual areas is compatible with the idea of a visuospatial sketch pad maintaining the spatial representations (Baddeley, 1998) . Why was gamma activity not observed during maintenance in the face identity task? The orientation task is spatial in nature, and the working memory system might make use of the topographic organization in early visual areas. Maintenance of faces, however, is likely to rely on higher-order areas like the fusiform face area (FFA) Postle et al., 2003; Ranganath et al., 2004a,b) . Thus, one might have expected gamma activity over ventral areas, but we did not observe this. The absence of ventral gamma activity might be explained by the FFA being relatively distant with respect to the MEG sensors, thus producing poorly detectable signals.
The idea of maintaining working memory representations by sustained firing dates back to Hebb (1949) . However, consistent with other studies, we find that the sustained activity is rhythmically synchronized in the gamma band (Tallon-Baudry et al., 1998; Lutzenberger et al., 2002; Pesaran et al., 2002; Medendorp et al., 2007) . What is the functional role of the sustained activity being modulated by gamma synchronization? Experimental and theoretical work shows that a neuron receiving multiple inputs is more likely to fire if these inputs are synchronized (for review, see Salinas and Sejnowski, 2001) . Thus, the synchronized neuronal gamma activity in the occipital lobe during retention is likely to result in a stronger drive to areas further processing the spatial working memory representations. This processing might include manipulation of the representations or long-term memory encoding (Osipova et al., 2006) .
Alpha activity reflects functional inhibition
We observed a clear increase in alpha power when face identities but not face orientations were maintained. Because the set of sample stimuli were identical in all conditions and only instructions were varied, rebound effects after visual stimulation cannot account for the differential modulations in alpha activity. Given that maintenance of face identities is more demanding than face orientations (Fig. 2) , one might suggest that the increase in alpha power is explained by an increase in memory load as observed in the Sternberg task (Jensen et al., 2002; Tuladhar et al., 2007) . This interpretation is contradicted by our findings demonstrating that alpha power is also strong in the control task, which is the least demanding condition. Thus, a more likely interpretation is that the increase in alpha power reflects the inhibition of the dorsal stream during the maintenance of face identities, which engages the ventral stream. During maintenance of face orientations, the dorsal stream is required, resulting in attenuated alpha power. Increased dorsal alpha power in the control task can be explained by the fact that the representation of the orientation of the first face is suppressed to avoid interference with the second face's orientation, which is crucial to solve the control task. In conclusion, our findings provide additional support for the alpha inhibition hypothesis (Jensen et al., 2002; Klimesch et al., 2007) . According to this idea, alpha activity is a consequence of a top-down control of posterior brain areas (von Stein et al., 2000) .
Alternatively, one might argue that alpha reflects a general suppression mechanism not only restricted to the dorsal stream. According to this scheme, alpha reflects suppression of input during retention in all three tasks. Alpha activity in the orientation task is weaker than in the face identity task because this task is easier, as shown by the behavioral data. In the control task, alpha reflects the suppression of the first item to avoid interference with the second item being important for the task.
Additional support for the notion that alpha activity reflects active functional inhibition comes from studies on visuospatial attention and working memory (Worden et al., 2000; Kelly et al., 2006; Thut et al., 2006; Medendorp et al., 2007 ). These studies demonstrate that attention directed toward one visual hemifield is expressed as a contralateral decrease and/or ipsilateral increase of posterior alpha power.
Why did we not observe an alpha power increase over the ventral stream in the spatial working memory task? One explanation is that the ventral stream, and in particular the FFA, is farther away from the sensors than the dorsal stream, thus producing a smaller signal. However, given the typically strong magnitude of the alpha activity, a more likely explanation is that alpha activity is only produced by the dorsal but not the ventral stream. This is consistent with EEG/MEG studies localizing the alpha source in the dorsal but not the ventral stream (Hari and Salmelin, 1997) .
Relationship with other imaging modalities
Other imaging techniques like functional MRI (fMRI) have been applied to study memory maintenance of faces (Courtney et al., 1997; Druzgal and D'Esposito, 2003; Postle et al., 2003; Ranganath et al., 2004a,b) and spatial representations (Awh et al., 1999; Postle and D'Esposito, 1999; Zarahn et al., 1999; Postle et al., 2000 Postle et al., , 2004 Leung et al., 2002; Beurze et al., 2007; Postle, 2006) . These studies primarily focus on the role of prefrontal and posterior areas in working memory operations. Nevertheless, consistent with our results, several of these studies do report sustained activity in the occipital lobe when spatial information is maintained (Awh et al., 1999; Postle and D'Esposito, 1999; Postle et al., 2004; Postle, 2006) . Although numerous fMRI studies have reported that prefrontal areas are engaged in working memory maintenance (Passingham and Sakai, 2004; Ranganath and D'Esposito, 2005; Curtis, 2006) , we did not find robust MEG signals over prefrontal areas being modulated by the different conditions. These differences are most likely explained by the differences in sensitivity to neuronal activity measured by the blood oxygenation level-dependent (BOLD) signal and by electrophysiological measures. For instance, multiple frontal sources might be cancelled out if the sources are not well aligned. We conclude that in the context of working memory tasks, fMRI and MEG provide complementary measures of neuronal activity.
Alpha and gamma activity were inversely related Increases in alpha and gamma power were inversely related. This finding is consistent with the notion that gamma activity reflects active neuronal computation, whereas alpha activity reflects functional inhibition. Laufs et al., 2003; Moosmann et al., 2003; Kilner et al., 2005) . Thus, we propose that the BOLD changes observed in visual areas in spatial working memory tasks (Awh et al., 1999; Postle and D'Esposito, 1999; Postle et al., 2004; Postle, 2006) are a consequence of oscillatory activity shifting from the alpha to the gamma band. Whether primarily modulations in gamma or alpha activity result in the BOLD changes remains to be determined.
In this study, we found support for the notion that posterior ␣ activity is related to functional inhibition of the dorsal stream when the ventral stream is engaged in working memory maintenance. Furthermore, we demonstrated that posterior gamma activity in the occipital lobe is related to working memory maintenance of spatial representations rather than global changes in attention. This opens the exciting possibility that the early visual system is partly responsible for maintaining the working memory trace of spatial representations. Future studies (e.g., using transcranial magnetic stimulation) are required to establish to what extent the occipital region is required for successful working memory maintenance of spatial representations.
